ABSTRACT OBJECTIVE. Previous data suggest that apelin and visfatin play a role in metabolism and glucose homeostasis. The aim of the present study was to determine differences in plasma apelin and visfatin concentrations between healthy subjects and patients with type 1 diabetes mellitus and to study the effect of hyperglycemia and insulin administration on their levels in patients with type 1 diabetes mellitus. DESIGN. One hundred patients with T1DM and 52 healthy subjects were examined. Nine patients with type 1 diabetes and 9 controls participated in a further study. In the main study, blood samples were taken after a 12-hour fast. In a further study, an oral glucose tolerance test was performed on two occasions. In session A, at baseline, insulin lispro (7 units) was administered subcutaneously to the type 1 diabetic patients, while a placebo injection was administered to controls. In session B, no insulin or placebo was administered. Apelin, visfatin, insulin and glucose levels were measured at baseline and 10, 20, 30, 60, 90, 120, 150 and 180 min after glucose consumption. RESULTS AND CONCLUSIONS. Fasting plasma apelin concentrations were higher (p<0.001), while fasting visfatin levels tended to be lower (p=0.06) in patients with type 1 diabetes in comparison to healthy subjects. In the diabetes group, fasting apelin (but not visfatin) correlated with HDL-C (p=0.001). Apelin and visfatin did not change significantly during the oral glucose tolerance test in either group with or without exogenous insulin administration.
INTRODUCTION
Apelin and visfatin are two recently described adipokines. Apelin exists in several forms all originating from a common 77-amino-acid precursor, 1 but apelin-12 is the most active of these forms. 2 Its receptor, APJ, is localized in multiple organs and tissues. 1, 3 Data on mice have shown that its synthesis by adipocytes is stimulated by insulin. 4 The Apelin transcript and protein were identified in adipocytes isolated from mouse and human subcutaneous adipose tissue and its expression increased during adipocyte differentiation. 4 ,5
Apelin appears to be involved in the physiological function of numerous organ systems, such as the regulation of blood pressure, cardiac contractility and heart rate. 6, 7 Other studies suggest a potential role for apelin in the regulation of food intake [8] [9] [10] [11] and water balance. [11] [12] [13] Data have also shown that apelin is associated with angiogenesis, 14 apoptosis 15 and inflammation. 16 Visfatin, a protein previously known as pre-B cell colony-enhancing factor, is a 52-kilodalton cytokine expressed in lymphocytes. Visfatin is involved in the regulation of glucose homeostasis by exerting a hypoglycemic effect through the reduction of glucose release from hepatocytes and the stimulation of glucose utilization in peripheral tissues. 5 Moreover, it seems to be involved in the regulation of insulin secretion and receptor signaling. 17 Plasma visfatin concentration correlates strongly with the amount of visceral fat. 5 Data on mice have shown that plasma levels of this adipokine increase in the obese state and in mice consuming high fat diet. 5 Mice heterozygous for a targeted mutation in the visfatin gene have modestly higher levels of plasma glucose relative to wild-type littermates. Administration of recombinant visfatin lowers plasma glucose levels in both insulin-resistant and insulin-deficient mice. Unfortunately, very few data exist on differences in plasma concentrations of apelin and visfatin between subjects with type 1 diabetes mellitus (T1DM), a condition characterized by insulin deficiency, and healthy controls and on the effect of exogenous insulin administration on plasma concentrations of these adipokines. One recent study reported elevated plasma apelin levels in children with T1DM. 18 Another study showed no differences in plasma apelin levels in women with gestational diabetes mellitus and in women with normal glucose tolerance. 19 In the present study we looked for potential differences in plasma apelin and visfatin concentrations between healthy controls and subjects with T1DM. Additionally, we studied the effect of a bolus insulin administration on plasma apelin and visfatin levels during an oral glucose tolerance test (OGTT) in patients with T1DM.
SUBJECTS AND METHODOLOGY
The study was approved by the Ethics Committee of our Hospital. After explanation of the purpose and the procedures of the protocol, all subjects provided written informed consent to participate in the study. A total of 100 subjects with T1DM and 52 healthy controls, similar in terms of age, gender and BMI, were examined. Since BMI may interfere with the levels of apelin and visfatin, the subjects recruited were not obese. The demographics and clinical characteristics of the study subjects are shown in Table 1 .
In the morning, after a 12-to 14-hour fast, each subject attended the metabolic unit of our Department. Anthropometric measurements took place at around 8:00 hours. Weight and height were measured in light clothing and BMI was calculated. Waist circumference was measured in the middle between the iliac crest and the lower ribs. Blood was drawn for the determination of plasma glucose, insulin, lipids, apelin and visfatin concentrations.
In addition, 9 non-obese young subjects with well-controlled T1DM (HbA1c <7%) and 9 healthy subjects, matched in terms of age, gender and BMI, volunteered to participate in a further study in order to examine the effect of a single subcutaneous insulin or placebo administration on plasma concentrations of apelin and visfatin. Subjects with T1DM and controls were studied on two occasions (phases A and B) with a time interval of about 1 week in between in random order according to the permuted block randomization list generated in SPSS. For this purpose, an intravenous catheter was inserted in a superficial forearm vein for blood sampling. In both phases an OGTT was performed. In phase A, before the OGTT 7 units of insulin lispro (approximately 1 unit for every 10 g of Statistical analysis was performed using the SPSS program (version 12.0; SPSS, Chicago, IL, USA). Values are reported as means±SEM. For categorical variables, differences between the controls and subjects with T1DM were compared with the chisquare test. For continuous variables with normal distribution of the values, differences between the two groups were tested using the Student's t-test, while the Mann-Whitney U test was used for triglycerides, insulin, fasting apelin and visfatin levels because the data were skewed. Bivariate correlations were tested using the Spearman's correlation coefficient after Bonferroni correction. ANOVA for repeated measurements was performed to test the timing effect of the studied parameters in the two phases of the study. The same analysis was used to examine for differences during the experiment in plasma concenglucose consumed) was administered subcutaneously in the patients with T1DM, while an equal volume of water for injection (placebo) was administered in the control group. In phase B, no insulin or placebo was administered in either patients with T1DM or controls. Plasma levels of glucose, insulin, apelin and visfatin were measured at baseline and 10, 20, 30, 60, 90, 120, 150 and 180 min after glucose consumption.
Lipids and glucose levels were measured on an automatic enzymatic analyzer. Plasma insulin concentrations were measured by radioimmunoassay (Biosure, Brussels, Belgium; intra-and inter-assay coefficient of variation <4%), while plasma apelin and visfatin levels were determined by ELISA (Phoenix Pharmaceuticals, California, CA, USA; intra-and inter-assay coefficient of variation <5%). trations of the study parameters after adjustment for the status of the participants (T1DM/healthy controls) (between-subjects effects). The Greenhouse-Geisser adjustment was used when the sphericity assumptions were not fulfilled. Postprandial responses of the serial measurements of plasma apelin and visfatin were summarized, calculating AUCs using the trapezoid rule. 20 P values <0.05 (two-tailed significance) were considered statistically significant.
RESULTS
As expected, fasting glucose levels were higher and insulin levels lower in subjects with T1DM in comparison with the controls. Age, gender, BMI, waist circumference, blood pressure did not differ significantly between the two groups; however, LDL cholesterol and triglycerides levels were lower and HDL cholesterol concentrations were higher in subjects with T1DM than controls ( Table 1) .
Fasting plasma apelin concentrations were significantly higher (p<0.001), while fasting visfatin levels tended to be lower in subjects with T1DM than in controls (p=0.06). In the diabetes group, fasting apelin concentrations correlated significantly (after Bonferroni correction) with HDL-C (r=0.38, p=0.001), while no significant correlation was found with age, BMI, waist circumference, blood pressure, duration of diabetes, HbA1c, insulin, visfatin and the other plasma lipids. In the control group, no significant correlations were found between fasting apelin levels and the above variables. In addition, no significant correlations were found between plasma visfatin levels and the above parameters in either the diabetes or the control group.
Plasma apelin and visfatin levels did not change significantly during phase A of the experiment in either the group of patients with T1DM or the controls (ANOVA for repeated measurements, p value for the effect of time >0.05) and there was no significant difference between the two groups (ANOVA for repeated measurements, time by group interaction >0.05) (Figure 1a and 1b) . The same was valid for phase B of the study (Figures 1a and 1b) . The overall apelin response, expressed as AUC, was not different between T1DM and controls during either session A (0.67±0.16 vs. 0.73±0.19 ng · min/mL, p=0.80) or Plasma glucose levels increased significantly during both phases of the study in both controls and patients with T1DM (P values for the effect of time in both groups <0.001) and the increase was higher in the patients with T1DM (p value for the time by group interaction in phase A =0.02 and in phase B <0.001). Plasma insulin levels increased significantly in the controls during phase A and phase B (p value for the effect of time <0.001 for both phases) but they did not change in the patients with T1DM. The increase in plasma insulin levels were significantly higher in the controls in comparison with the patients with T1DM (p value for the time by group interaction <0.001 for both phases).
DISCUSSION
In the present study we showed that fasting plasma apelin concentrations were higher in patients with T1DM in comparison with healthy subjects. The lack of endogenous insulin synthesis and secretion in patients with T1DM is associated with high circulating apelin levels. Therefore, our data suggest that insulin may affect the expression of apelin in adults.
Most of the studies on mice and humans have shown that apelin expression and secretion increases under conditions of chronic hyperinsulinemia such as the obese state or type 2 diabetes, implying that insulin is involved in the regulation of circulating apelin levels. 3, [21] [22] [23] Only two studies found low plasma apelin levels in newly diagnosed type 2 diabetic patients. 24, 25 Some animal studies have linked apelin to insulin resistance and considered this adipokine as an important factor for the maintenance of insulin sensitivity and the stimulation of glucose utilisation by the peripheral tissues. [26] [27] [28] The decrease in apelin levels after weight loss 29 supports the hypothesis of the interaction between apelin and insulin resistance. The increased levels of apelin observed in obesity could be a mechanism to counterpace insulin resistance. Another study in mice revealed the existence of the apj receptor in the pancreatic islets and concluded that apelin inhibits the glucose-stimulated insulin secretion. 30 Thus, one could speculate that "hyperapelinemia" is a sort of negative feedback mechanism which combats hyperinsulinemia in obesity or type 2 diabetes. On the other hand, streptozotocin-treated insulin-deficient mice had a large decrease in apelin expression 3 but there is no evidence of apelin levels in adults without insulin secretion. There is only one recent study where circulating apelin levels were found elevated in children with T1DM compared to controls. 18 The higher levels of apelin found in our patients with T1DM could be an attempt to compensate for the lack of insulin in the same way that raised apelin levels in obesity or type 2 diabetes could possibly try to overcome insulin resistance and substitute the relative "lack" of insulin. We showed that fasting apelin levels correlated positively with HDL cholesterol. A negative correlation between fasting apelin levels and serum triglycerides has been reported in animals. 26 In our study, neither apelin nor insulin levels increased during OGTT in the diabetic group. In addition, in the control group the normal insulin secretion was not accompanied by an increase in apelin secretion. These findings suggest that apelin levels do not change acutely and they are not affected by blood glucose levels since they remained unchanged under either normoglycemic or hyperglycemic conditions. This finding agrees with data on mice showing that high glucose concentration itself did not affect apelin m-RNA levels. 4 A single insulin injection increased apelin m-RNA levels in adipocytes isolated from mice but did not affect apelin secretion. The effect of insulin on apelin expression and secretion was dose-dependent. 4 In our study apelin levels were lower than those of other peptides thought to function as circulating hormones and they were comparable to the levels of locally acting mediators, implying a potent paracrine action of apelin. Isolation of apelin m-RNA of adipocytes from both controls and patients with T1DM across the two testing days could have led to interesting findings.
Regarding visfatin, in our study fasting visfatin levels tended to be lower in patients with T1DM compared to healthy subjects, implying a potential effect of insulin deficiency on visfatin secretion.
Visfatin binds to and activates the insulin receptor in a way distinct from insulin. Several studies demonstrated that plasma visfatin levels correlate with obesity, visceral fat mass, type 2 diabetes and the presence of the metabolic syndrome. [31] [32] [33] Other studies, however, did not confirm an association of visfatin with visceral adipose tissue or parameters of insulin sensitivity in humans and rodents. [34] [35] [36] In our study no association was found between visfatin levels and metabolic parameters in either the type 1 diabetic or the non-diabetic group.
Visfatin levels were found to be higher in newly diagnosed patients with type 2 diabetes mellitus 37 and lower in patients with long-term disease treated with antidiabetic agents compared to controls. 21 This could confirm the hypothesis that hyperinsulinemia as a consequence of insulin resistance leads to elevated visfatin levels, while insulinopenia as a result of longstanding type 2 diabetes is followed by a decrease in visfatin levels. The result of our study is consistent with one previous report on type 1 diabetes. 38 Another study reported increased circulating visfatin levels in patients with T1DM, seeking to associate them with the deterioration of -cell function. 39 On the other hand, in vitro and in vivo animal experiments showed a potent regulatory role of visfatin in insulin secretion and signalling in pancreatic islets. 17, 40 Visfatin deficiency or inhibition resulted in decreased glucose-stimulated insulin secretion, 40 whereas pancreatic -cell incubation with visfatin at low glucose increased insulin secretion. 17 Therefore, one may hypothesize that visfatin deficiency coexists with insulin deficiency in T1DM or even contributes to it. Further research is needed in order to determine if the association between circulating visfatin and insulin levels in T1DM denotes causality or simply coexistence.
The second part of the present study examined the potential acute changes in visfatin levels under hyperglycemic conditions with or without insulin secretion during an OGTT. In subjects with type 1 diabetes, insulin administration did not affect visfatin secretion. During placebo injection the visfatin response caused by the hyperglycemia was similar between controls and type 1 diabetes subjects. These findings are in discordance with previous studies demonstrating that basal visfatin release is enhanced by hyperglycemia and counterregulated by exogenous hyperinsulinemia in healthy humans. 41 The main limitation of our study is the small number of subjects participating in the interventional part of the experiment. Clearly, our study is too underpowered to detect a potential differential response of plasma apelin and visfatin levels in the controls and in the subjects with T1DM during the experiment; therefore, a type II statistical error cannot be excluded. Future studies with a larger sample of participants could elucidate and provide further support to our findings.
In conclusion, circulating fasting apelin levels are higher and visfatin levels tend to be lower in subjects with T1DM compared to healthy controls and do not change significantly during acute hyperglycemia or exogenous insulin administration. The potential association of apelin and visfatin with insulin secretion and action may reveal new pathways in the pathogenesis of type 1 diabetes. Understanding the physiological role of these adipokines in glucose homeostasis and the mechanisms underlying their action is a challenge that could lead to new therapeutic targets.
